for specimen processing were not altered for the study. Of the 19 laboratories that served the 21 participating hospitals, 2 academic centers performed direct fluorescent antigen detection and culture of all specimens, and 10 laboratories submitted all specimens to the Ontario Central Public Health Laboratory for culture (7 performed no rapid testing, 2 tested all specimens by EIA (Directigen FluA+B; Becton Dickinson), and 1 performed EIA (Directigen FluA+B) testing if a physician requested it). The 7 remaining laboratories submitted specimens for culture to the Public Health Laboratory only if an EIA had negative results or was not done. Two laboratories (both using Directigen FluA+B) tested all specimens by EIA, and 5 performed EIA only on physician request (3 using Directigen FluA+B, 1 using Directigen FluA, and 1 using BinaxNOW Influenza A & B [Binax] ).
Eligible patients were those with influenza virus identified by EIA, direct fluorescent antigen detection, and/or culture who required hospitalization for the illness associated with the positive test result. Study staff screened results to identify eligible cases, approached patients or their substitute decision makers for consent, and collected demographic and medical data, including Charlson comorbidity index data [13] , by patient and physician interview and chart review. The surveillance and this study were approved by the ethics review boards of all participating hospitals.
Clinical diagnoses (e.g., pneumonia) and chronic underlying illnesses that would qualify patients for receipt of influenza vaccine [14] were recorded in accordance with attending physician notes. Patients who were improving at hospital discharge, were discharged before hospital day 30, and were not readmitted to the same hospital were assumed to have survived. The primary outcome was mortality within 15 days after symptom onset, excluding patients who were receiving palliative care. To assess the validity of this outcome as the primary outcome, the charts and death certificates of all patients who died were reviewed to assess the contribution of influenza to death.
Data were entered and analyzed in SAS, version 9.1 for PC (SAS Institute). Differences in group proportions were assessed by the x 2 test or Fisher's exact test. Differences in medians were assessed by the Wilcoxon rank-sum test. Antiviral therapy was defined as an intended course of therapy with an antiviral drug active against the influenza virus isolate that was interrupted by death or inability to tolerate medication. Patients who initiated therapy with an effective antiviral as outpatients but who received !4 doses and whose therapy was not continued when they were hospitalized were excluded from the analysis. Patients prescribed amantadine were included in the arm that did not receive therapy, because influenza B virus isolates are intrinsically resistant to amantadine, and because 190% of Canadian influenza A virus isolates identified during the study period were A(H3N2), 190% of which were resistant to amantadine [14, 15] . Logistic regression models were used to adjust the estimated effect of antiviral therapy on 15-day mortality for covariates that might be potential confounders or effect modifiers, based both on relationships within the cohort and data from other publications. The covariates considered were age, residence in a nursing home, Charlson comorbidity index, time from onset of symptoms to hospital admission, requirement for intensive care unit admission, season, influenza subtype, prior influenza vaccination, type of positive test result (direct antigen vs. culture), and whether the hospital was a teaching hospital. Generalized linear models were used to evaluate the impact of antiviral therapy on length of stay for survivors using log-transformed length of stay and the same variable selection method used for the logistic regression models of mortality. Detailed clinical data are available for 512 (95%) of the patients. Of these, 185 (36%) were children (!15 years of age). A minority of children (36 children; 19%) had underlying illnesses; the most frequent underlying illness was asthma (found in 25 children). Eighty-three (45%) of the children were !1 year of age. The median hospital length of stay was 2 days (range, 1-33 days). Two children (1%) required admission to the intensive care unit. None of the children died, and none received specific antiviral therapy; therefore, children were excluded from further analysis.
RESULTS

From
The median age of the 327 adult patients was 77 years (range, 15-99 years) (table 1). Of the 303 patients for whom data were available, 216 (71%) had been vaccinated. Vaccinated individuals included 6 (18%) of 33 previously healthy patients aged 18-64 years, 24 (56%) of 43 patients aged 18-64 years with chronic underlying illness, and 186 (82%) of 227 patients aged у65 years.
Coded discharge diagnoses included influenza for 187 (57%) of the patients. In cases for which influenza was not coded at discharge, the most responsible diagnosis was pneumonia of unspecified cause in 71 patients (22%), another respiratory tract infection (most commonly, bronchitis or upper respiratory tract infection) in 36 patients (11%), another cardiorespiratory diagnosis (most commonly, exacerbation of chronic obstructive [14] . Patients may have had illnesses related to 11 organ system. All patients with underlying illness had at least 1 of the chronic illnesses listed, with the exception of 1 patient with HIV infection and 1 patient who had received a liver transplant. The most common underlying cardiac illness was coronary artery disease (88 patients); the most common underlying pulmonary diseases were chronic obstructive pulmonary disease (59 patients) and asthma (59 patients); the most common underlying cancers were lung, breast, and colon cancer (3 patients each). d Received influenza vaccination in the fall prior to the episode of infection. Denominators are different, because data regarding prior influenza vaccination were not available for all patients. e Participating hospitals had different algorithms for processing specimens submitted for influenza testing (see Methods).
pulmonary disease) in 20 patients (6%); and another diagnosis (most commonly, urinary tract infection) in 13 patients (4%). The specimen used to obtain a diagnosis of influenza was a nasopharyngeal swab in 315 patients (96%), bronchoalveolar lavage fluid in 9 (3%), and throat or nasal swab in 3 (1%). One hundred seventy-nine specimens (55%) had positive direct antigen test results (table 1) . One-half of the specimens that yielded influenza virus (165 specimens; 50%) were received in the laboratory on the day of emergency department registration or admission (day 0), 101 (31%) were received on day 1, 37 (11%) were received on day 2, 21 (6.5%) were received on day 3 or 4, and 3 (0.9%) were received on day 5 or 6 of hospitalization.
Three hundred fourteen (96%) of the patients were able to estimate the time of onset of symptoms compatible with influenza. Of these, 81 (26%) presented to the emergency department within 24 h, 184 (59%) presented within 48 h, 247 (79%) presented within 72 h, and 278 (89%) presented within 96 h after symptom onset. One hundred thirty-seven patients (42%) had seen a physician prior to the emergency department visit that resulted in their admission to the hospital. Of these, 75 (55%) had been prescribed an antibiotic, and 10 (8.0%) had been prescribed an antiviral drug.
Blood cultures were obtained at hospital admission for 272 cases (83%), sputum cultures were obtained for 83 cases (25%), and cultures of bronchoscopy specimens were obtained for 18 cases (5.5%). Thirteen patients (4.0%) had definite or possible respiratory copathogens identified, and an additional 17 patients (5.1%) had clinical symptoms or a culture result suggestive of infection at another site (table 2). At hospital admission, 290 (89%) of 327 patients were treated with antibacterial agents, and 106 (32%) were prescribed antiviral drugs (table 2) . Three patients received amantadine (all of whom were infected with influenza A), and 103 patients were prescribed oseltamivir. All patients who were prescribed oseltamivir were prescribed 75 mg twice daily for 5 days or an equivalent dose after adjustment for renal failure. Of the 100 patients for whom data were available, 5 (6%) were treated within 24 h after symptom onset, 19 (19%) were treated within 36 h, 29 (29%) were treated within 48 h, 51 (51%) were treated within 72 h, and 72 (72%) were treated within 96 h. Among adults, oseltamivir was prescribed more often to patients who were older, had influenza A virus infection, were nursing home residents, had a shorter time from onset of symptoms to hospital admission, and had a positive direct antigen test result (table 1) .
Twenty-seven patients (8.2%) died within 15 days after symptom onset, either during the initial hospitalization (26 patients) or during a subsequent hospitalization (1 patient). One of these patients received palliative care only; therefore, 26 deaths are included in the primary analysis of the impact of antiviral therapy on mortality (figure 1). To assess the validity of this primary outcome, we compared it with an assessment of whether death was attributable to influenza. The primary cause of death was listed as influenza for 5 of 26 patients, as pneumonia or other respiratory tract infection for 11, as myocardial infarction for 3, and as viral pericarditis, congestive heart failure, exacerbation of chronic obstructive pulmonary disease, newly diagnosed lung cancer with acute renal failure, sudden unexplained cardiac arrest, multiorgan failure, and small bowel obstruction in 1 patient each. Twenty-three of these deaths were judged to be attributable to influenza by the original study staff and by 2 repeat reviewers (A.M. and K.A.G.). The remaining 3 deaths were judged to be related to influenza by 2 of 3 reviewers (a different reviewer disagreed in each case).
The associations between death, antiviral therapy, and potential confounders and effect modifiers are shown in tables 2-4. In the final multivariable model, oseltamivir therapy was associated with a clinically and statistically decreased risk of death (OR, 0.21; 95% CI, 0.06-.80;
). No interaction P p .02 terms were identified as significant. There was no clinically significant change in the estimate of the impact of oseltamivir therapy on death in exploratory analyses. In analyses considering only adults aged у65 years, the OR for mortality associated with oseltamivir therapy was 0.24 (95% CI, 0.06-0.92); considering only influenza A virus infections, the OR was 0.13 (95% CI, 0.03-0.63); considering only oseltamivir therapy initiated 148 h after symptom onset, the OR was 0.24 (95% CI, 0.05-1.14); excluding deaths that occurred within 48 h after admission to the emergency department, the OR was 0.41 (95% CI, 0.10-1.7); including only deaths assessed by all reviewers as due to influenza, the OR was 0.24 (95% CI, 0.06-0.85); and considering deaths that occurred within 30 days after symptom onset, the OR was 0.41 (95% CI, 0.14-1.2).
Among survivors, the median length of stay was 6 days (range, 0-103 days) for patients who did not receive oseltamivir and 8 days (range, 1-63 days) for those who did ( ). In P p .07 adjusted analysis, oseltamivir therapy was not associated with length of stay ( ). Older age ( ), intensive care P p . 35 P ! .001 unit admission ( ), and increasing Charlson comorbidity P ! .001 score ( ) were associated with increased length of stay. P p .003
DISCUSSION
In this prospectively identified cohort of patients with laboratory-confirmed influenza requiring hospital admission, treatment of adults with oseltamivir was associated with a clinically significant reduction in 15-day mortality. These data are congruent with evidence from randomized controlled trials indicating that therapy with neuraminidase inhibitors reduces symptom duration, complications, and hospitalization for influenza among adult outpatients [5, 7, 8] , with cohort data identifying that oseltamivir therapy reduces the risk of death among ill nursing home residents during influenza outbreaks [16] , with an analysis of administrative databases identifying a reduction in the rate of hospitalization among outpatients with influenza-like illness treated with oseltamivir [17] , and with trends to improved outcomes reported in a randomized, controlled trial of zanamivir plus rimantadine versus rimantadine alone [18] . In contrast with Lee et al. [19] , we did not identify an association between oseltamivir therapy and reduced length of stay; however, our power to do so was limited. In addition, if oseltamivir treatment prevents some severely ill persons from dying, examining the length of stay in survivors, as we did, may underestimate the impact of treatment.
One important difference between our study and others is that the patients in our cohort appeared to benefit from antiviral therapy initiated 148 h after symptom onset. This does not contradict data demonstrating that, in healthy adults, antiviral therapy must be started sooner than 48 h after symptom onset to be of benefit [20, 21] . In otherwise healthy adults, influenza virus is cleared promptly by the immune response. Viral load begins to decrease 24-48 h after symptom onset, and late antiviral therapy is unhelpful [22] . However, patients with severe immunocompromise may not control viral replication for many days [23, 24] , and little is known about the time course of viral load in older patients at risk of influenza complications. In our cohort, all treated patients were shedding virus immediately prior to treatment (88% had a positive direct antigen test result), so that specific antiviral therapy might have been expected to be of benefit. Although we did not detect an effect of earlier therapy relative to later therapy, the power of this study to detect such an effect was very limited, and our results should not be interpreted to mean that timing of therapy is not important.
The proportion of patients in this cohort who had been vaccinated against influenza was substantial but is lower than vaccination rates among the general population of Ontario [25] . Other research clearly demonstrates that influenza vaccination is effective in preventing influenza and cost-saving to the health care system [26] [27] [28] [29] . However, these data demonstrate that lifethreatening influenza may still occur in highly vaccinated populations in years when the vaccine is well matched to the infecting strains [30, 31] . It is evident from the variability in rates of disease in different hospitals and from the fact that the number of patients who received a diagnosis of laboratory-confirmed influenza in this cohort was much smaller than the expected number of hospital admissions attributable to influenza in a population this size [32] that influenza testing was not often considered by clinicians. This lack of clinician diagnosis of influenza has been observed in other populations. In a recent cohort, 53% of diagnostic tests for influenza performed at hospital admission were ordered for infection-control screening rather than by clinicians [33] . In a population-based surveillance study involving children, only 28% of inpatients who had a test result positive for influenza had a clinician diagnosis of influenza [34] . Therefore, increasing the frequency with which testing for influenza is performed during the influenza season will result in the identification of many more patients with illness attributable to influenza.
EIAs are the most readily available diagnostic tests for influenza. Their use has 2 potential drawbacks. Clinicians may be misled by the significant rate of false-positive results associated with some tests [35] . In addition, these tests are, at best, 70% sensitive, compared with culture, and will fail to diagnose many cases of influenza. One alternative approach would be to consider empirical treatment of respiratory illness during influenza season. Because neuraminidase inhibitors are influenza specific, treatment of patients who do not have influenza does not create selective pressure for drug resistance. However, treatment of patients without influenza is a waste of resources, and clinicians are unlikely to adopt empirical therapy in the absence of algorithms with reasonable positive predictive values for influenza. Such algorithms exist for healthy, young adults, but they do not exist for patients requiring hospitalization [36, 37] . Another approach would be to use PCR for the diagnosis of influenza. This would greatly increase the sensitivity of detection of influenza [35] . However, cases detected by PCR and not by direct antigen testing may be systematically different from those identified by direct antigen testing, and our conclusions about the impact of therapy may not apply.
One-half of the patients who were admitted to the hospital with laboratory-confirmed influenza had seen a physician before the emergency department visit that resulted in their hospitalization, and almost one-half of these were prescribed an antibiotic. Other studies have also demonstrated that many patients with influenza who see a physician are treated with antibiotics [34] . Presumably, physicians prescribe antibiotics to at-risk outpatients with upper respiratory illness, because they perceive that treating possible bacterial complications will most effectively reduce the risk of progression to severe disease. Our data suggest that, in some circumstances, influenza itself may progress to require hospitalization. Further work is needed to understand whether or when antiviral therapy should be selected over antibacterial therapy in these circumstances.
There are a number of limitations to our study. It is a natural limitation of observational studies that undetected confounding may be present even in multivariable analyses. For instance, if oseltamivir therapy was itself associated with unmeasured overall increases in quality of care, this increased quality may have been the true effect resulting in reduced mortality. We did not ask clinicians to justify their decisions about treatment, so we cannot explore the reasons behind these choices. The sample size was insufficient to compare treatment effects in different subgroups, and our power to identify an effect of time of first treatment relative to symptoms was low. No children in our cohort were treated with antiviral therapy; thus, it was not possible to assess treatment impact in children. Our sample size was not large enough to ask whether treatment effect might differ between influenza A and B virus infections [38] [39] [40] or between infections due to different types of influenza A virus. As with all studies of influenza, our conclusions only apply to the strains circulating during the years of our study. Finally, because the proportion of patients admitted to the hospital with respiratory illness who had testing performed for influenza was low, these results may not apply to all patients who require hospitalization for influenza.
The neuraminidase class of antiviral drugs were initially assessed for their ability to reduce symptom severity and duration in healthy adults. This analysis contributes to the accumulating evidence that, in addition to reducing influenza complications in otherwise healthy adults [4, 5] , neuraminidase inhibitors have a role in the treatment of more-seriously ill patients.
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